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AINTRACT

light u<)~lpling s! slrms. sltrh a~ gra[ings are requiled because Qu;lnlum \4’cll ]nf’ral-cd Pho[odcleclol-s do n(~l rcsjx)nd 10
n(~m];ll incicicn{ ]i:hl due 10 lhe quanlum meci]anica] se]ection rules associated wI[il inlersubhand [ransi[ions, The resolution
of [he ~>i]ol(~li[i~c)gr;l]>l~jand awuracj of !hc e[cilin: brcome ke! issues in producing small el- :ratin: fcfi[ure sizes especially
in sbor[ct wa\elenglhs. ,411en b:lncement faC[OI-of [hree due [o 21) periodic grating f’abl-ica[ed on a <)M’IP struc[ure va<
obse] \’ed, \’al-ia[ion of the enhancement I’ac(or wi!h yroo~e clepth and feature size of [he :ratin: can be [heorelically
explained.

Kc}words: Quantunl \\’ells. inler-suhh;lnd. infrared. cieleclors. :ra[in:

INTRODUCTION

IJe\elopn~enl of lhc hand-held Ion: Iiaieleny[il inl’ral”ed (LWIR)l ~ camera at .lel I)ropulsion Labo]-a[or) demonstrated the
potential 01”<)uantum \\’ell lnfi-arcd Pho[odeiec[or~ (QM’IP) technolog) foI fabl-icatioll of a simple and high]! sensitive
inf!’a}’ed in]:l~in~ S>’slenl. This camerd i“ealules a CIa.4S/AILCJ:~l.,AS boLIIld-1(~-quasib(~Lll~c]rlll)]ti-clllanlllr~l we]l L\l~)\\’) focal
plane arra) (1’1’.-1) h)bridizecl [o an Amber 256x256 direct injeclion CNIOS madmr[ multiplexer. The QW’11’F’f’.4offers high
[lctectol-t(~-detec[or unilormit!. low noise, ease of fabrication and exhihits a cutoff wave.len~th of 8.9 ,um and noise-
equifaient ten~pera~ure difference of 25 n~K m iess, Due [o its higher sensiti\’it}. ili:iler uniformity. higher \ield. and lowel-
COS[.there is a :reat interest in CJaAs/.4l,CTa,,As based QU71P technology).

QM)lPs [io nol absorb radiation incident normal to the surface since the li:b[ polariz.a[icrn must have an electric field
component normal to tile super] a[tice (yowth direction) to be absorbed by the conflnecl car-riers~, When the incomin: light

contains no polal-izntiorr component along the growth direction, the matrix element of the interaction \’anishes (i.e., ~..~z = ()

where ~ is the polarization and ~Z is the momentum along z. direction), As a consequence, these detector-s have to be

iilumina(ed [brou:il a 45[) polisi~ed face[~. Cleal-iy, this illumination scheme limits the configuration of de[ectors to linear-
arrajfs ancl sin:]e elements. F-or imagi n:. it is necessary to be able to couple li:h~ uniformly to two dimensional arrays of
these deleetors,



(qxical ca\i[) is responsible f’w abou[ an extl-:1enhancement fac[or of’ two dLte to lhe [o[;I1 inlernal reflec[iorr
lajei or frrom [he {hinnrd substrate (Fiy. l-b, l-c).
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Fi:, I [a) Schematic side l’iew of a thin QWIP pixel with a 2-D periodic srating, All the incident raclia[ion escape
after the seconcl reflection from the grating surface. (b) Schemalic side view’ of a thin QWIP pixel with a random
~l-a~in: l-efjectpr. ](jea]]y al] the raciiation”is trapped except for- a small frac[iorr w’hich escapes thl”oll:h the esc;Lpe

cone, (c) Schematic diagram of cross ~rating specifications, The ~ra[ing features are spaced periodical) along the
x and y directions.
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NORMALIZED GROOVE DEpTH (h/j~P)

Fi~. 5 7’I)c experimental l-esponsi Jit! enhancement a{ ?.FP Fig, 6 I’he experimental do[a ~nd theoretical comparison
1’01 e;lch gralins perl(~Li \\ili) (iitfef-enl groO\e (iepths. for responsilil), enilancemen[ in 2-D periociic yr;lling
CL]r\es a ;Inci b replcsent :ral]n:s with same grc)f~vedep[il coupied Q\\ ’I}’, Theore[ica] cur\ es u e[e plotleci as a
hul Liii’felcnt in cie[ec[or are;! ( :! - 2(K)x2(K)Um: and h - func[ion of ~roove ciepth. il lor dif’f’erent tea[ule sizes d
400X4(K)”~lin? ). CLir\e r and d reprc,errl 2(K)x20() pm: normalized to characlel-is[ic ~ra[ins peak wa\elen~th in
at-c:! ~lrtec~ors witil (iif’i’erentgrm~Je (iep[hs. GaAs, )~gr’.Feoiule sizes d for each gratin: i!ere obtained

Ltsin~ SEM picl Llres of each grating. Also. shown that a
responsi!i[> enhancement at lower ci/ ?.:r” Iihich is the
case in tuo wmples associated V,’itilcLlrJ’ec and (i in the
FiS, 5,

TIIEOREI’IC.A1. ANALYSIS

in older [o explain responsivi[y enhancement silown in Fig. 5 (curve a and b), theoretical analysis of 2-1) periodic gratings
we]-e cal-ried OLII based on modal ex]mnsion method I l.7 in which, electric and magnetic f}eid vectors are matched at the
boundary (z = O plane. Fi~. la) belween the diffracted field region and rectangular cavit) region The flc]d vectors in the
ciiffracteci field region (z > 0 in Fi~. 1a). and inside the cavities (Z <0 in Fi~. l-a), are expressed in terms of (diffracted
“orders”, and :uided vector “modes”. respectively, Each of these diffracted “ol-ders” is associated with a plane wave
propagating in a cliscrete dir-ec[ion which is specified by a pair of inte~ers (p.q) due to [he doL}bie pel-iodicitj, of the ymting
structure, The guidecl vec[or “mode” inside the cavity means a vector field not on]! satisfying Maxwell’s equations. but also
bouncial-y conciitions appropriate 10 the ~eometry of the cavi[y. These modes are also specified by pair of inte~ers (n.m) due
10 rectan~u]ar na[ure of the ~1-a[ing cat’itj, The resultin~ syslem of equations are then soiled for diffracted plane wave
amp]i[ucies b!’ lin~i[ing the ciiffracleci orders LIp to the f]rsl set of orders (p: + ci: S 1), or second set of orciers (p: + q: s 2). The

efficiencies of the (diffracted order, i.e.. the amplitude of the electric field lectol EP~ of the (p.q)th diffracted order can then

be ca]cLl]aled as a f’unc[lor featul-e size, d and gl-oove depth i) of the gratin~.

Fig, 6 shows (he experimental data and theoretical comparison for responsi J’ity enhancement clue [o 2-D periodic ~ratin~s,
Theoretical cLtrve~ uele piot[ed as a fLlnc[lon of groove depth (h) for ciifferen[ feature sizes (d) normaiiz.ed (L)cilarac[eristic
ortltlnc Pc:ik w,;lveiellg[i~ In c1a.As. ?,:l,(c1a.\s). Fca[ure sizes (i for each ~ratin~ i~,el-eoh[aineci usins SENI pictures of each.- ~
gra[ing. AltiloLlgi; tile designed normalized feature size d/ ),gP(GaAs) is the same for all the gratin~s. SHVI measLlrements
show variations, These Jarinticrns can be attt-ibLlled 10 the limitations of de\)ice fabrication processes such as
]]il(~lolitilogl-:i}>il!and metaiizalion, .Alsu, Fig. 6 shows that at ic)wer d/).g,(Cia.4s), respc)nsivit!, enhancement is independent
of glo(lle (Icl>[llOf [Ile uta[in:. ~i,hich is the case in two samples associated \vith curves c and d in FI:. 5..
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